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mining system in a speech recognition device, 
for calculating the similarity between a plurality 
of preliminarily registered speeches and an in- 
putted speech and outputting as recognition 
candidates a predetermined number of said 
registered speeches at higher order in simil- 
arity, comprises an SN ratio calculator (15) for 
calculating an SN ratio of an inputted speech to 
the environmental noise, and a number-of- 
recognition candidates controller (16) for con- 
trolling the number of the recognition candi- 
dates according to the value of the SN ratio 
calculated by the SN ratio calculator. The num- 
ber of recognition candidates is varied accord- 
ing to the value of the SN ratio. 
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Background of the Invention 

The present invention relates to a speech recog- 
nition device for recognizing a vocally inputted in- 
struction as data and more particularly to a number- 
of-recognition candidates determing system in the 
speech recognizing device for outputting a plurality of 
recognition candidates by calculating a similarity be- 
tween a plurality of a preliminarily registered speech- 
es and an inputted speech. 

Recently, technologies for recognizing speech 
using a computer and for vocally inputting instructions 
and data have been popularly utilized in many fields 
of industry. The technologies include voice controlled 
word processors and automatically operated ma- 
chines, etc. 

Figure 1 is a general view of a speech recognizer, 
and a brief explanation about its operation is given be- 
low by referring to Figure 1. 

Inputted speech data are analyzed by an analyz- 
er 1 , and the analysis result and the feature vectors 
of each word stored in a dictionary 2 are matched by 
a matching score calculator 3 to obtain a matching 
score for "similarity", "distance" is also used instead 
of "similarity". A small distance means a high similar- 
ity. A recognition candidate determiner 4 outputs a 
recognition candidate word string in the order from the 
word having the highest similarity according to a pre- 
determined number of word candidates. Assuming 
that the number of candidates is "1 0", ten highest sim- 
ilarity words are out putted as recognition candidates. 

The recognition rate of the above described 
speech recognition device greatly depends on the val- 
ue of an SN ratio, that is, a ratio of an inputted speech 
to an environmental noise. For example, a speech 
recognition device inputs different SN ratios depend- 
ing on its location and the time because an environ- 
mental noise changes with time of day. 

Figure 2 is a graph indicating the change in the 
recognition rate of each SN ratio depending on the 
number of candidates to be recognized. In Figure 2, 
the recognition rate at the SN ratio of 50dB is repre- 
sented by the solid line, that at the SN ratio of 30dB 
is represented by a broken line, and that at the SN ra- 
tio of 10dB is represented by a dashed line. In Figure 
2, if the number of candidates to be recognized is de- 
termined to be "10". the SN ratio of 50dB yields the 
recognition rate of 95%, that of 30dB yields the rate 
of 88%, and that of 1 0dB yields the rate of 82%. Thus, 
the higher SN ratio indicating a lower noise yield a 
higher recognition rate. 

As described above, an SN ratio of a great value 
allows a high percentage of recognition, and vice ver- 
sa. That is, a word having the highest similarity at an 
SN ratio of a small value can be ranked at a lower pri- 
ority, for example, the fifteenth, if an SN ratio indicates 
a small value. In this case, the word is excluded from 
the candidates if the number of candidates to be rec- 



ognized is set to 10. 

This is caused by the fixed number of word can- 
didates, for example, 10. In this case, ten highest or- 
der words are determined to be word candidates and 

5 the following words are determined to be excluded 
from the candidates. Therefore, a word to be reason- 
ably defined as a candidate is often determined to be 
out of the range of candidates. Thus, conventional 
speech recognition device yield different recognition 

10 rates greatly depending on an SN ratio which is 
changeable according to the state of its environment. 

Summary of the Invention 

15 The present invention aims at calculating an SN 

ratio changeable by the state of the environment and 
improving a recognition rate by changing the number 
of word candidates depending on the change of an SN 
ratio. 

20 The present invention is used in a speech recog- 

nition device for recognizing a speech, namely, a vo- 
cally inputted instruction and data, and utilizes a num- 
ber-of-recognition candidates determining system in 
the speech recognition device for outputting a plurality 

25 of candidates to be recognized by calculating the sim- 
ilarity between a plurality of stored speeches and an 
inputted speech, and selecting as recognition candi- 
dates a plurality of words having higher similarity. 
The present invention comprises an SN ratio cal- 

30 culator for calculating an SN ratio, that is, a ratio of a 
sound level to the environmental noise, and a num- 
ber-of-candidates controller for controlling the num- 
ber of word candidates to be recognized. 

It further comprises an analyzer, a score calcula- 

35 tor, a recognition candidate determiner, and a diction- 
ary. The analyzer analyzes inputted speech, and the 
analysis result and the feature vectors of a word stor- 
ed in the dictionary are matched by the score calcu- 
lator to calculate a score for the "similarity". 

40 A number-of-candidates control signal is output- 

ted from the number-of-candidates controller to the 
recognition candidate determiner according to an SN 
ratio obtained by the SN ratio calculator. The recogni- 
tion candidate determiner outputs a predetermined 

45 number of words having a higher priority according to 
their similarity as a recognition candidate word string. 
The number of word candidates to be recognized can 
be controlled corresponding to a given SN ratio. That 
is, at an SN ratio of a small value, the number of word 

50 candidates to be recognized is increased. 

Such control prevents the problem that a word, 
which is ranked at a high priority at an SN ratio of a 
large value, may be assigned a low priority and is ex- 
cluded from a candidate group. Thus, a word to be 

55 reasonably defined as a candidate can be prevented 
from being excluded from a candidate group, and can 
be processed as a word candidate, thereby improving 
a recognition rate. 
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Brief Description of the Drawings 

One of skill in the art can easily understand addi- 
tional features and objects of this invention from the 
description of the preferred embodiments and some 
of the attached drawings. In the drawings: 

Figure 1 shows the configuration of a convention- 
al number-of-candidates determining system ; 
Figure 2 shows the change in a recognition rate 
due to the change in an SN ratio when the number 
of candidates is fixed to a predetermined value in 
the conventional system; 

Figure 3 is a block diagram for explaining the prin- 
ciple of the present invention; 
Figure 4 shows the configuration for explaining 
the first embodiment of the present invention; 
Figure 5 shows the configuration of the feature 
vectors extractor; 

Figure 6 shows the configuration of the SN ratio 
calculator; 

Figure 7 shows the relationship between each SN 
ratio for the recognition rate of 90% and the num- 
ber of candidates to be recognized; 
Figure 8 is a graph for explaining the necessary 
recognition candidate determiner according to 
the first embodiment; 

Figure 9 shows the configuration for explaining 
the second embodiment; 

Figure 10 is a graph for explaining the necessary 
recognition candidate determiner according to 
the second embodiment; 

Figure 11 shows the configuration for explaining 
the third embodiment; and 
Figure 12 is a graph for explaining the necessary 
recognition candidate determiner according to 
the third embodiment. 

Description of the Preferred Embodiment 

Figure 3 is a block diagram for explaining the prin- 
ciple of the present invention. As shown in Figure 3, 
the present invention basically comprises an analyzer 
or analyzing section 11 for analyzing in inputted 
speech and extracting its feature vectors i.e. feature 
vectors, a dictionary 12 for preliminary storage of a 
plurality of words, a matching score calculator or cal- 
culating section 13 for collating an analysis result of 
the analyzer 11 with the feature vectors i.e. feature 
vectors of each word stored in the dictionary 12 and 
calculating a score for "similarity 11 , a recognition can- 
didate determiner or determining section 14 for deter- 
mining and outputting the predetermined number of 
highest similarity words, an SN ratio calculator or cal- 
culating section 1 5 for calculating an SN ratio of input- 
ted speech to environmental noise, and a number-of- 
candidates controller or controlling section 1 6 for con- 
trolling the number of candidates determined by the 
recognition candidate determiner 14 according to a 



value of an SN ratio calculated by the SN ratio calcu- 
lator 15. 

With the above described configuration, an input- 
ted speech signal is analyzed by the analyzer 11, the 
5 analysis result and the feature vectors of each word 
stored in the dictionary 12 are matched by the match- 
ing score calculator 1 3, and a score is obtained for 
"similarity". 

The SN ratio calculator 15 calculates an SN ratio 
in of an inputted speech signal to environmental noise, 
and sends the calculation result to the number-of- 
candidates controller 16. The number-of-candidates 
controller 1 6 outputs to the recognition candidate de- 
terminer a number-of-candidates control signal as- 
15 signed according to the value of a calculated SN ra- 
tio . 

The recognition candidate determiner 14 deter- 
mines and outputs the number of candidates accord- 
ing to the above described control signal. That is, after 

20 the calculation of an SN ratio, the number of word can- 
didates can be varied depending on the value of an 
SN ratio. For example, a large value of an SN ratio 
sets the number of candidates to a predetermined val- 
ue, 10 for example, and a small value of an SN ratio 

25 extends the number of candidates, to 20 words for ex- 
ample. 

Such control prevents the problem that a word 
having the first or second priority in similarity at a high 
SN ratio may be assigned a low priority, for example 

30 the 15th, and excluded from the candidates at a low 
SN ratio due to an undesirable environmental change. 
That is, a word to be reasonably defined as a candi- 
date can be processed as a word candidate without 
being excluded from the candidates by extending the 

35 range of the number of word candidates to 20 words, 
for example, thereby improving a recognition rate. 

An embodiment of the present- invention is ex- 
plained below by referring to the drawings. Figure 4 
shows the configuration of the first embodiment of the 

40 present invention. In Figure 4, the configuration is 
generally the same as that shown in Figure 3 for ex- 
plaining the principle of the present invention, but fur- 
ther comprises an AD converter 21 for converting an 
analog signal to a digital signal, a feature vectors ex- 

45 tractor or extracting section 22 for analyzing an AD- 
converted speech signal at predetermined time inter- 
vals and outputting feature vectors used in matching 
them with those of each word stored in the dictionary 
1 2, a score sorter 23 for sorting word candidates rel- 

50 ative to the similarity according to the scores calculat- 
ed by the matching score calculator 13, a number-of- 
recognition candidates storing table 24 for storing the 
number of word candidates for obtaining a predeter- 
mined recognition rate at an SN ratio calculated by the 

55 SN ratio calculator 15, and an interpolating equation 
deriver 25 for deriving an interpolating equation for 
obtaining the number of word candidates stored in the 
number-of-recognition candidates storing table 24. 
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The AD converter 21 and the feature vectors ex- 
tractor 22 correspond to the analyzer 11 in Figure 3. 
The number-of-recognition candidates storing table 
24 and the interpolating equation deriver 25 corre- 
spond to the number-of-candidates controller 16 in 5 
Figure 3. 

A technique of analyzing an inputted speech at 
time intervals by the analyzer 11 is well-known, and 
can be realized by configuring the feature vectors ex- 
tractor 22 as shown in Figure 5. The technique shown 10 
in Figure 5 refers to an analysis using a digital filter 
bank. That is, a plurality of digital bandpass filters 
BPF1 - BPF n each having a different center frequen- 
cy are provided in the speech frequency band to be 
analyzed. Then, a rectifying and smoothing compo- 15 
nent in the output of each bandpass filter is sampled 
every few milliseconds or every tens of milliseconds, 
and expressed in logarithm as a feature vectors para- 
meter. The result is outputted to the score calculator 
13 to be compared in similarity with words stored in 20 
the dictionary 12. An input speech can also be ana- 
lyzed by using an analog bandpass filter bank, LPC 
(Linear Prediction) analysis, cepstrum analysis or 
FFT (Fast Fourier Transform) analysis. 

As shown in Figure 6, the SN ratio calculator 15 25 
comprises a speech segment detector or detecting 
section 151, a speech segment average power calcu- 
lator or calculating section 1 52, a noise range average 
power calculator or calculating section 153, and a log- 
arithmic power ratio calculator or calculating section 30 
154. On receiving at the speech segment detector 151 
an inputted speech signal which is converted to the 
digital speech signal by the AD converter 21, the SN 
ratio calculator 15 calculates at the speech segment 
average power calculator 152 a speech segment 35 
average power according to a signal from the speech 
segment detector 151, and calculates a noise range 
average power at the noise range average power cal- 
culator 153. Then, it calculates at the logarithmic pow- 
er ratio calculator 1 54 a logarithmic power ratio from 40 
the speech segment average power and the noise 
range average power, and then outputs the result as 
an SN ratio. 

Figure 7 is a graph showing the change in the rec- 
ognition rate for the number of word candidates at SN 45 
ratios of 50dB, 30dB, and 10dB. As shown in Figure 
7 and as described above, the smaller value an SN ra- 
tio indicates, the lower the recognition rate becomes 
if the number of word candidates is 10. For example, 
50dB (solid line in Figure 7) yields the recognition rate 50 
of 95%, 30dB (broken line in Figure 7) yields that of 
88%, and 10dB (dashed line in Figure 7) yields that of 
82%. Whatever value an SN ratio may indicate, the 
number of word candidates must be 6 at 50 dB, 20 at 
30dB, and 30 at 10 dB to obtain the recognition rate 55 
over 90% according to Figure 7. Thus, the threshold 
of an SN ratio is set to 50dB, 30dB, and 1 0dB, and the 
necessary number of word candidates are set to 6, 



20, and 30 respectively. The recognition rate repre- 
sents a possibility that the right candidates is included 
in a group of the word candidates. The above descri- 
bed values of the threshold of an SN ratio are inter- 
polated by the interpolating equation provided by the 
interpolating equation deriver 25, and the appropriate 
number of word candidates corresponding to the SN 
ratio of an inputted speech can be determined by the 
number-of-recognition candidates determiner 26 ac- 
cording to the above described interpolating equation. 
Then, the determined number of words is given to the 
recognition candidate determiner 14 to output the de- 
termined number of words as a recognition candidate 
word string starting from the first priority in similarity. 

The total operation performed with the configur- 
ation above is explained below. First, inputted speech 
is converted to the digital speech signal by the AD 
converter 21 , and analyzed at appropriate time inter- 
vals by the feature vectors extractor 22. Then, the 
score calculator 13 matches the feature vectors of a 
word stored in the dictionary 12 with the above descri- 
bed analysis result, and the score sorter 23 sorts 
word candidates in the order of high similarity and 
transmits them to the recognition word candidate de- 
terminer 14. 

Assume that an SN ratio of an inputted speech 
signal calculated by the SN ratio calculator 15 is 
20dB. 

To obtain the recognition rate over 90%, the 
threshold of an SN ratio is set to 50dB, 30dB, and 
10dB, and the necessary number of word candidates 
is set to 6, 20, and 30 respectively. The first embodi- 
ment, as shown in Figure 8, is an example of interpo- 
lating the values of the SN ratios of 50dB, 30dB, and 
10dB with a predetermined number of word candi- 
dates. Figure 8 shows the number of word candidates 
for the SN ratios of 50dB, 30dB, and 10dB to obtain 
the recognition rate over 90%. When the necessary 
numbers of recognition candidates for the SN ratios of 
50dB, 30dB, and 10dB are calculated, the necessary 
number of recognition candidates between the speci- 
fied SN ratios is determined to be constant as the 
number at the lower ratio, thereby generating a graph 
indicating step changes in the number of word candi- 
dates. 

For example, if the SN ratio of inputted speech is 
obtained as 20dB by the SN ratio calculator 15, it is 
between 10dB and 30dB and the number of word can- 
didates is determined to be assigned 30. Thus, when 
the necessary number of candidates at the SN ratio 
of 20dB is determined, the recognition candidate de- 
terminer 14 outputs the determined number of words 
as a recognition candidate word string. 

To realize this, the interpolation equation deriver 
25 is operated as follows in the first embodiment. The 
interpolating equation deriver 25 comprises an SN ra- 
tio range determiner 251 for determining to what 
ranges an SN ratio calculated by the SN ratio calcu- 
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lator 15 belongs in the ranges of the above described 
thresholds 50dB f 30dB, and 10dB. For example, as 
described above, if an SN ratio calculated by the SN 
ratio calculator 15 is 20dB, the SN ratio range deter- 
miner 251 determines the SN range to be between 5 
30dB and 1 0dB. When the range of the SN ratio is de- 
termined, the corresponding number of recognition 
candidates (30 in this case) is read, and the data are 
transmitted to the recognition candidate determiner 
14, The interpolating equation in the first embodiment 10 
is represented as y = e (where y indicates the number 
of recognition candidates; e indicates the range of the 
SN ratio). Therefore, if the SN ratio calculated by the 
SN ratio calculator 15 is x 1f e (the range of the SN ra- 
tio) is determined to be the range of the SN ratio x 1f 15 
and the number of recognition candidates y^ can be 
determined immediately. 

Thus, a recognition rate over a predetermined 
value (90% in this case) can be obtained at each of 
the SN ratios of inputted speech data by defining the 20 
number of word candidates at an SN ratio between 
predetermined points of SN ratios as indicating a 
fixed number of word candidates and changing in the 
form of steps as shown in Figure 8. In this case, the 
number of word candidates stored in the number-of- 25 
candidates storing table 24 increases in the form of 
steps, and the predetermined value points of SN ra- 
tios, for example 6, 20, and 30 are also change points. 
Therefore, the number of word candidates can be de- 
termined only by comparing the value of an SN ratio 30 
of an inputted speech with a predetermined threshold, 
thereby removing an operation of obtaining a compli- 
cated interpolating equation by the interpolating equa- 
tion deriver25. Furthermore, since it is not necessary 
to determine the number of word candidates corre- 35 
sponding to each of the SN ratios for inputted speech, 
the system does not require a large memory capacity 
at all. 

Next, the second embodiment is explained below 
by referring to Figures 9 and 10. As shown in Figure 40 
10, each of the points indicating the numbers of nec- 
essary word candidates 6, 20, and 30 at SN ratios of 
an inputted speech 50dB, 30dB, and 1 0dB respective- 
ly are connected by lines to make a polygonal line 
graph and interpolate the values by a non-linear tunc- 45 
tion. 

In this case, as described above by referring to 
the data of the number-of-recognition candidates 
storing table 24, the interpolating equation 25 derives 
an interpolating equation for interpolating values ob- so 
tained by connecting predetermined points of the 
number of word candidates 6, 20, and 30 correspond- 
ing to the SN ratios 50dB, 30dB, and 10dB respective- 
ly to obtain a graph represented by a line polygonal at 
each of the points as shown in Figure 10. 55 

To realize this, in the second embodiment, the SN 
ratio range determiner 251 in the interpolating deliver 
25 shown in Figure 9, determines where an SN ratio 



obtained by the SN ratio calculator 1 5 is located in the 
threshold range 50dB-30dB-10dB of an SN ratio, and 
it obtains an interpolating equation to interpolate val- 
ues as indicated by a polygonal line connecting each 
of the points. The system also comprises a number- 
of-recognition candidates determiner 26 for calculat- 
ing the number of recognition candidates by substitut- 
ing the value of an SN ratio for the interpolating equa- 
tion. The interpolating equation in the second embodi- 
ment can be represented as follows. 

y-yp = ! p+1 ]! p i x - x p) < 1 > 

*p+ 1 *p 

where 

x p : a threshold of an SN ratio 
Xp+v a threshold of an SN ratio of the value fol- 
lowing x p 

y p : the number of recognition candidates for x p 
Vp^: the number of recognition candidates for 

x p+i 

x: an SN ratio obtained by the SN ratio calcu- 
lator 15 

y: the number of recognition candidates to be 
obtained 

The necessary number of recognition candidates 
at the SN ratio of can be calculated by substituting 
for x in the above equation (1) the SN ratio Xi calcu- 
lated by the SN ratio calculator 15. If the necessary 
number of recognition candidates is y 1t the above de- 
scribed equation (1) can be represented as follows. 

yi-Yp = ^"^ (Xi-Xp) (2) * 
x p+ 1 ~ *p 

Equation (2) calculates the number of recognition 
candidates determined by the number-of-reobgnition 
candidates determiner 26 for determining the neces- 
sary number of recognition candidates at a specific 
SN ratio. That is, if an SN ratio is determined to be 
20dB, the "20dB" is substituted for in equation (2). 
Then, the necessary number of recognition candi- 
dates y, at the SN ratio can be calculated. In this case, 
20dB is located in the SN ratio range between 30dB 
and 10dB. Therefore, 30dB is substituted for Xp +1 , 
10dB is substituted for x p , the number of recognition 
candidates 30 is substituted for y p+1 , and 20 is substi- 
tuted for y p in equation (2). This yields the result y 1 = 
25. Accordingly, when an SN ratio is 20dB, the nec- 
essary number of recognition candidates is 25. If the 
value of y-y is provided for the recognition candidates 
determiner 14, the recognition candidate determiner 
14 outputs 25 higher order words among the word 
candidates sorted by the sorter 23 as a recognition 
candidate word string, ff the 25 higher order words are 
determined to be word candidates, the recognition 
rate of 90% can be guaranteed. 

Thus, since the necessary number of word can- 
didates is varied in proportion to the change in the val- 
ue of an SN ratio of inputted speech in the second em- 
bodiment, the number of word candidates corre- 
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sponding to the value of the SN ratio can be obtained, 
thereby improving the efficiency in a recognizing op- 
eration. 

Next, the third embodiment is explained by refer- 
ring to Figures 11 and 12. In the third embodiment, 5 
each of the points indicating the necessary numbers 
of word candidates 6, 20, and 30 corresponding to the 
SN ratios of inputted speech 50dB, 30dB, and 10dB 
respectively are connected by a straight line, as 
shown in Figure 12, indicating an approximate value 10 
of each point and interpolating values in each SN ratio 
range by a straight linear function. 

In this case, the interpolating equation deliver 25 
uses the data in the number-of-word-candidates stor- 
ing table 24, makes a linear regression analysis on the 1 s 
data of the value of an SN ratio and the corresponding 
necessary word candidates, interpolates values be- 
tween predetermined points using a linear function, 
and gradually changes the number of word candi- 
dates such that each of the points indicating the nec- 20 
essary number of word candidates 6, 20, and 30 cor- 
responding to the SN ratios 50dB, 30dB, and 10dB re- 
spectively is connected to adjacent points by a 
straight line, after adjusting each position a little to 
make a straight line graph. That is, in the third embodi- 25 
ment, the interpolating equation derived by the inter- 
polating equation deriver 25 is represented as follows, 
y = ax + b (3) 
where a and b are coefficients. 

A linear equation approximation unit 252 obtains 30 
a and b, the coefficients in the linear equation y=ax+b, 
using the values of SN ratios and the number of can- 
didates read from the number-of-recognition candi- 
dates storing table 24, that is, the relationship be- 
tween the thresholds 50dB, 30dB, and 10dB and the 35 
corresponding numbers of recognition candidates 6, 
20, and 30 according to the linear regression analysis 
based on the conventional method of least squares. 
If the coefficients a and b are obtained, the corre- 
sponding SN ratio of is substituted for x. Thus, as 40 
in the above described second embodiment, the num- 
ber-of-recognition candidates determiner 26 determi- 
nes the necessary number of recognition candidates 
y^ In this case, y, = 25 if X1 = 20dB. 

If the value of an SN ratio of inputted speech cal- 45 
culated by the SN ratio calculator 15 is 20dB, for ex- 
ample, the necessary number of word candidates is 
determined to be about 25 as in the above described 
second embodiment, and the recognized word candi- 
date determiner 14 outputs 25 highest order word 50 
candidates as a recognition candidate word string. If 
the 25 highest order word candidates are prepared, 
the recognition rate of 90% can be guaranteed. 

As described above, in the third embodiment, the 
total area of the value of an SN ratio outputted by the 55 
SN ratio calculator 15 is interpolated by a straight line 
represented by y = ax + b. Therefore, the necessary 
number of arithmetic operations can be considerably 

6 



reduced. Besides, as in the above described second 
embodiment, the necessary number of word candi- 
dates is varied in proportion to the change in the value 
of an SN ratio of an inputted speech. Therefore, the 
necessary number of word candidates can be ob- 
tained corresponding to the obtained value of the SN 
ratio, thereby improving the efficiency of a recogniz- 
ing operation. 

Although the linear equation y = ax + b is used as 
an example in the third embodiment, the equation can 
be replaced with a high degree function such as y = 
anX n + a „. !x"- 1 + — + a,x + b to obtain coefficients 
a n , a^ 1f — , a t , b according to the multiple regression 
analysis based on the above described method of 
least squares. (However in this case, the value of n is 
limited by the range of data stored in the number-of- 
recognition candidates storing table 24.) 

Although a word is recognized in each of the 
above described embodiments, other objects such as 
syllable, phrase and sentence can be processed as 
objects to be recognized. 

When a phrase or a sentence (during conversa- 
tion) is considered as an application of the objects to 
be recognized, the following sentence, for example, is 
to be recognized. 

"Watashiwa Gakkoe Ikimasu" 
( I go to school) 

When the recognition is performed in units of 
phrase, the following candidates are considered for 
respective phrases. 

1 . Watashiwo Gakkowa Ikimasu 

2. Watashini Gakkoe Itta 

3. Watashiwa Gakkono Ikimashita 

As shown above, the candidates are provided for 
respective phrases. This is performed based on a 
completely vocal process. Therefore, the phrase rec- 
ognition or the sentence recognition can pick up a 
candidate which is always not ranked at a highest 
position, by using a syntax or semantics analysis. If a 
certain phrase is excluded from a candidate, it is very 
difficult to restore the excluded candidate at the stage 
of performing the syntax or semantics analysis. 

On the other hand, as described above, the right 
candidate tends to be excluded from a group of can- 
didates when the SN ratio decreases, and if the num- 
ber of candidates are constant Therefore, the present 
invention is advantageous in that the right candidate 
is prevented from being excluded from a group of the 
candidates by changing the number of the candidates 
based on the SN ratio. 

As described above, the present invention re- 
moves the problem that a word to be reasonably se- 
lected as a recognition candidate may be excluded 
from the candidates due to an undesirable change in 
an SN ratio caused by an environmental change by 
changing the necessary number of word candidates 
in proportion to the value of an SN ratio, that is, a ratio 
of inputted speech to the environmental noise to guar- 
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antee a predetermined recognition rate. Thus, words 
can be recognized at a high speed, thereby improving 
the efficiency in a recognizing operation. 



Claims 

1. A niimber-of-recognition candidates determining 
system in a speech recognition device for calcu- 
lating the similarity between a plurality of prelim- 
inarily registered speeches and an inputted 
speech and outputting as recognition candidates 
a predetermined number of said registered 
speeches at higher order in similarity, comprising: 

an SN ratio calculator means (15) for cal- 
culating an SN ratio of inputted speech to the en- 
vironmental noise, and 

a number-of-recognition candidates con- 
troller means (16) for controlling the number of 
said recognition candidates according to the val- 
ue of said SN ratio calculated by said SN ratio cal- 
culator means. 

2. The number-of-recognition candidates determin- 
ing system according to Claim 1 , wherein 

said number-of-recognition candidates 
controller means (16) comprises: 

an interpolating equation deriver means 
(25) for selecting a number of SN ratios each hav- 
ing an appropriately corresponding number of 
recognition candidates to obtain a predetermined 
recognition rate and for deriving an interpolating 
equation for interpolating the numbers of recog- 
nition candidates between said selected SN ra- 
tios, and 

a number-of-recognition candidates stor- 
ing table means (24) for storing said number of 
recognition candidates corresponding to each of 
said SN ratios. 

3. A number-of-recognition candidates determining 
system in a speech recognition device for calcu- 
lating the similarity between a plurality of prelim- 
inarily registered speeches and outputting as rec- 
ognition candidates a predetermined number of 
said registered speeches at higher order in simi- 
larity, comprising: 

an SN ratio calculator means (15) for cal- 
culating an SN ratio of an inputted speech to the 
environmental noise, 

an interpolating equation deriver means 
(25) for selecting SN ratios each having an appro- 
priately corresponding number of recognition 
candidates to obtain a predetermined recognition 
rate and for deriving an interpolating equation for 
interpolating the numbers of recognition candi- 
dates between said selected SN ratios, 

a number-of-recognition candidates stor- 



ing table means (24) for storing said number of 
recognition candidates corresponding to each of 
said SN ratios, and 

means for determining a number-of-rec- 

5 ognition candidates by interpolating the neces- 

sary number of recognition candidates such that 
it is fixed as a constant value for an SN ratio be- 
tween said selected SN ratios to determine said 
necessary number of recognition candidates cor- 

10 responding to said SN ratio. 

4. The number-of-recognition candidates determin- 
ing system according to Claim 3, wherein 

said necessary number of recognition can- 
15 didates for an SN ratio between said selected SN 

ratios is fixed to the necessary number of recog- 
nition candidates for the smaller value of said se- 
lected SN ratios. 

20 5. A number-of-recognition candidates determining 
system in a speech recognition device for calcu- 
lating the similarity between a plurality of speech 
preliminarily registered speeches and outputting 
as recognition candidates a predetermined num- 

25 ber of said registered speeches at higher order in 

similarity, comprising: 

an SN ratio calculator means (15) for cal- 
culating an SN ratio of an inputted speech to the 
environmental noise, 

30 an interpolating equation deriver means 

(25) for selecting a number of SN ratios each hav- 
ing an appropriately corresponding number of 
recognition candidates to obtain a predetermined 
recognition rate and for deriving an interpolating 

35 equation for interpolating the numbers of recog- 

nition candidates between said selected points, 

a number-of-recognition candidates stor- 
ing table means (24) for storing said number of 
recognition candidates corresponding to each of 

40 said SN ratios, and 

a number-of-recognition candidates deter- 
miner means (26) for determining said necessary 
number of recognition candidates by substituting 
a value of any SN ratio in said interpolating equa- 

45 tion, wherein 

an interpolating equation is obtained such 
that said necessary number of recognition candi- 
dates is gradually varied in each SN ratio range 
between said selected SN ratios and that said in- 

50 terpolating equation determines said necessary 

number of recognition candidates for any SN ra- 
tio. 

6. The number-of-recognition candidates determin- 
55 ing system in a speech recognition device ac- 

cording to Claim 5, wherein 

said interpolating equation generates a tin- 
ear change in a graph indicating the change in 
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said necessary number of recognition candidates 
for each SN ratio between said selected SN ra- 
tios. 

7. A number-of-recognition candidates determining 5 
system in a speech recognition device for calcu- 
lating the similarity between a plurality of speech 
preliminarily registered speeches and outputting 

as recognition candidates a predetermined num- 
ber of said registered speeches at higher order in w 
similarity, comprising: 

an SN ratio calculator means (1 5) for cal- 
culating a ratio of an inputted speech to the envir- 
onmental noise (hereinafter referred to as an SN 
ratio), 15 

an interpolating equation deliver means 
(25) for selecting a number of SN ratios each hav- 
ing an appropriately corresponding number of 
recognition candidates to obtain a predetermined 
recognition rate and for deriving an interpolating 20 
equation for interpolating the numbers of recog- 
nition candidates between said selected points, 

a number-of-recognition candidates stor- 
ing table means (24) for storing said number of 
recognition candidates corresponding to each of 25 
said SN ratios, and 

a number-of-recognition candidates deter- 
miner means (26) for determining said necessary 
number of recognition candidates by substituting 
a value of any SN ratio in said interpolating equa- 30 
tion, wherein 

said necessary number of recognition can- 
didates is determined for any SN ratio by obtain- 
ing an interpolating equation for gradually varying 
the number of recognition candidates for each of 35 
said SN ratio ranges between said selected SN 
ratios. 

8. The number-of-recognition candidates determin- 
ing system In a speech recognition device ac- 40 
cording to Claim 7, wherein 

said interpolating equation for gradually 
varying said necessary number of recognition 
candidates for each of said SN ratio ranges be- 
tween said selected SN ratios is a linear function 45 
equation. 

9. The number-of-recognition candidates determin- 
ing system in a speech recognition device ac- 
cording to Claim 7, wherein 50 

said interpolating equation for gradually 
varying said necessary number of recognition 
candidates for each of said SN ratio ranges be- 
tween said selected SN ratios is a high degree 
function equation obtained by a multiple regres- 55 
sion analysis. 
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